The objective of this study was to determine effects of active immunization against the recombinant second extracellular loop of sheep β 2 -adrenoceptor (rBAR) on growth performance, carcass parameters, internal organ weight, and some blood biochemical parameters of rats. Forty five six-week-old female Wistar rats were randomly allocated to three groups and received active immunization of rBAR (rBAR-immune group) or adjuvant by subcutaneous injection (contol goup), or oral administration of β-agonist clenbuterol hydrochloride (clenbuterol goup). Results showed that active immunization against rBAR displayed significant antibody titer responses. Growth performance, feed intake, carcass weight and leg muscle weight of rats were increased by oral administration of clenbuterol (P<0.05), but not by rBAR immunization. rBAR immunization increased weight of liver and lungs, and decreased blood urea nitrogen and triglycerides of rats (P<0.05). Abdomen fat weight and concentration of total cholesterol tended to decreased by rBAR immunization (P=0.11 and P=0.087). The results implied that antibody raised against the recombinant second extracellular loop of sheep β 2 -AR can mimic part functions of β-agonist.
INTRODUCTION
Leaner carcass production in the husbandry has been emphasized because of the declining demand for animal fat and the increasing demand for lean meat. β-adrenoceptors (β-ARs) are involved in adipose tissue lipolysis and protein deposition in human and animal modulated by β-agonists (Langin, 2006) . Carcass composition and feed efficiency of domestic animals can be improved by using β-agonists, such as clenbuterol, ractopamine and zilpaterol (Scramlin et al., 2010) . However, detrimental effects of these compounds are also obviously. They are generally heat-stable and orally active, and have the potential to affect human's health if consumed accidentally (Mersmann, 1998) . So β-agonists are forbidden to use in livestock production in many countries. Therefore, it is necessary to focus research efforts on developing new and safe ways to manipulate animal growth.
Results of accumulated researches showed that antibodies against receptors could recognize and activate the receptors in cell membranes, and imitate the effects of the corresponding hormones. For instance, monoclonal antibody 263 against extracellular domain of growth hormone (GH) showed GH agonist-like functions both in vitro and in vivo (Wan et al., 2003) . Autoantibodies against α 1 -, β 1 -and β 2 -AR showed some functions of their corresponding agonists (Zuo et al., 2006; Tutor et al., 2007; Yan et al., 2009) . Antibodies, which directed against a peptide corresponding to the second loop of the human β 2 -adrenergic receptor, were able to stimulate the L-type Ca 2+ channels on isolated adult guinea-pig cardiomyocytes. This effect was similar to that obtained by zinterol, a specific β 2 -agonist (Mijares et al., 1996) . In another report, presence of antibodies against H24T, a peptide corresponded to the complete second outer loop of human β 2 -AR, caused a leftward shift in a concentration-response curve for (−)-isoproterenolinduced relaxation of isolated bovine smooth muscle strips (Hill et al., 1998) . This meant the antibodies recognized and activated the β 2 -AR. These results implied that antibodies against the second extracellular loop of β 2 -AR have the potential to mimic some functions of β-agonist in vitro. However, it is still unknown whether the antibodies can elicit agonist-like effects in vivo.
In previously study, a gene coding for the second extracellular loop of sheep β 2 -AR was fused into the prokaryotic expression vector pET-32C (+) and expressed in E. coli BL21 (DE3) (Zhang et al., 2010) . In the present report, we investigated effects of active immunization with the recombinant fusion protein (rBAR) on feed intake and growth of rats. Furthermore, changes of blood biochemical parameters related to protein, lipid and energy metabolism were also evaluated.
MATERIAL AND METHODS

Preparation of the recombinant fusion protein
The gene coding for the second extracellular loop peptide (H-W-Y-R-A-S-
of sheep β 2 -AR was fused into 3' end of thioredoxin protein gene in the pET-32C (+) expression vector (Novagen ® , Merck KGaA, Darmstadt, Germany) (Zhang et al., 2010) . The recombinant fusion protein (rBAR) was expressed in E. coli BL21 (DE3), purified using His•Bind ® purification Kit (Novagen ® , Merck KGaA, Darmstadt, Germany), and dissolved in 0.1 mol/l phosphate buffered solution (PBS pH 7.4) to achieve the final concentration of 1.4 mg/ml.
Animals
All animal procedures were approved by the Academic Committee of Xinjiang Agricultural University. Forty five female Wistar rats (average body weight 175.27±10.13 g, 42±2 d of age) were obtained from the Laboratory Animal Center of Disease Control and Prevention of Xinjiang and randomly divided into three groups. One group of rats was immunized against rBAR (rBAR-immune group). Another group of rats was injected with adjuvant (control group) and the third group of rats was orally administrated clenbuterol hydrochloride (clenbuterol group).
Vaccine preparation and immunization treatments
Equivalent volume of rBAR solution and adjuvant were mixed, emulsified by sonication, and used as the vaccine. For the primary immunization, the control rats (n=15) received 100 μl emulsified sterile PBS (the sterile PBS:the complete Freund's adjuvant=1:1, (v/v)) for each injection. The rats in rBAR-immune group (n=15) received 70 μg of rBAR emulsified in the complete Freund's adjuvant for each injection. Rats in the two groups were boosted with 50 μl of emulsified sterile PBS or 35 μg of rBAR emulsified in incomplete Freund's adjuvant 2 wk later. The primary and booster injections were administered subcutaneously in the side of the neck and back.
Housing and feeding
All the rats were housed in individual pens and given free access to feed and water. The diet (Table 1) was fed in 2 equal allotments at 09.00 and 21.00. From d 0 to 7, rats were maintained for adaptation the diet and environment. On d 8, rats in the rBAR-immune and control group received primary immunization.
On d 22, rats in the two groups received booster injection. Starting from d 22, rats in the clenbuterol group were fed with the diet containing clenbuterol hydrochloride (Sigma Chemical, St. Louis, MO, USA; 3 mg/kg DM diet). Feed intake and fasting body weight of each rat were recorded daily and weekly, respectively.
Blood sample collection
On d 43, after fasting body weight was recorded, rats were anaesthetized with ether, and then blood sample (2 ml) of each rat was collected by cardiac puncture. Vacutainers containing heparin sodium were used for blood collection and anticoagulation. After being collected and gently mixed, all blood samples were placed immediately into refrigerator at 4ºC for 3 h, and then centrifuged at 3000 g for 10 min at 4ºC. Plasma was collected and stored at -20ºC until analysis.
Carcass parameters and internal organs weight
Immediately after blood collection, all rats were sacrificed and dissected. Carcass and internal organs including liver, heart and lungs of each rat were weighed, respectively. Then, abdominal fat was carefully isolated and weighed. Muscles of right leg including gluteous superficialis, rectus femoris, gastrocnemius, biceps femoris, semitendinosus, vastus medialis, pectineus, adductor longus and gracilis were dissected and weighed to obtain the leg muscle weight.
Antibody titers measurement
Plasma rBAR antibody titers were measured by ELISA. In brief, 96-well plates (Greiner Bio-One GmbH, Frickenhausen, Germany) were coated with 100 μl of rBAR (2 μg/ml in PBS; pH 7.4) and incubated at 4°C overnight. Plates were washed extensively with PBS containing 0.05% (w/v) Tween 20 (PBST). Then, 100 μl of PBST containing 5% skimmed milk powder (w/v) was added and the plates were incubated at 37°C for 2 h. Plates were washed extensively with PBST, and 100 μl of plasma sample was added at a dilution of 1:2 000 and incubated at 37°C for 2 h. Then the plates were washed three times with PBST and 100 μl of horseradish peroxidase-conjugated goat monoclonal anti-rat IgG (Jackson ImmunoResearch Europe Ltd, Suffolk, UK) was added at a dilution of 1:8 000. After being incubated at 37°C for 1 h, the plates were washed three times with PBST. Then, 100 μl of tetramethylbenzidine substrate (Tiangen Biotech Co., Ltd, Beijing, China) was added to each well. The plates were incubated at 37°C for 5 min in the dark, and then 50 μl of 1 N sulphuric acid was added to stop reaction. The optical density at 450 nm (OD 450 ) was read with a microplate reader (Infinite M200, Tecan Group Ltd, Switzerland). Antibody titers against rBAR were expressed as OD 450 value.
Blood biochemical parameters assays
The activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT) and lactate dehydrogenase (LDH) were determined spectrophotometrically by measuring the oxidation rate of reduced NADH (nicotinamide adenine dinucleotide) in thermostated cuvettes at 340 nm after incubation of samples with L-aspartate, L-alanine and Na-pyruvate, respectively. The activity of alkaline phosphatase (ALP) was determined using a colorimetric assay by evaluating the production of thymolphthalein at 590 nm after incubation of samples with thymolphthalein monophosphate. Enzyme activity was expressed in IU/l. Plasma glucose was analysed by an automated glucose oxidase method. Blood urea nitrogen (BUN) was determined by a spectrophotometric assay based on the urease-Berthelot method. Total cholesterol (TC) assay was done by enzymaticspectrophotometric method, and triglycerides (TG) were measured by enzymatic glycerol phosphate oxidase/peroxidase method. Determinations of high-density lipoprotein cholesterol (HDL-C) and low-density lipoprotein cholesterol (LDL-C) were carried out using homogenous enzymatic direct assay.
Statistical analyses
In the statistical comparisons between the groups, one-way analysis of variance (ANOVA) was used. The significance differences between the groups were determined by the Duncan Multiple Range Test. All statistical analyses were carried out using the PASW Statistics 18.0. P values <0.05 were accepted as statistically significant.
RESULTS
Antibody titers
No rBAR-specific antibodies were detected in rats in the control and clenbuterol group, whereas rats immune with rBAR displayed significant antibody titer responses (P<0.05; Figure 1) . 
Growth performance
Compared with the control group, oral administration of clenbuterol hydrochloride increased growth performance and feed intake of rats (P<0.05). Growth performance and feed intake of rats were not affected by active immunization with rBAR (Table 2) . 
Carcass parameters and internal organ weight
Liveweight and carcass weight of rats in the clenbuterol group were higher than that of the control and rBAR-immune group (P<0.05), and there was no different between the control and rBAR-immune group (Table 3) . Compared with the control, weights of liver and lungs of rats in rBAR-immune group were increased by 12.15% and 18.46% (P<0.05). Weight of abdomen fat of rBAR immunized rats decreased by 12.21% (P=0.11). Leg muscle weight of rats in the clenbuterol group was higher than that of the control and rBAR-immune group (P<0.05). 
Blood biochemical parameters
Blood biochemical parameters including AST, ALT, LDH, HDL-C, LDL-C and GLU were unaffected by rBAR immunization or oral administration of clenbuterol hydrochloride (Table 4) . Compared with the clenbuterol group, ALP activity was increased by immunization (P<0.05). TC tended to be decreased by immunization and clenbuterol (P=0.087). Concentrations of BUN and TG of rats in rBAR-immune group were decreased by 9.68% and 20.21% (P<0.05), respectively. .79 data were expressed as mean ± standard deviation a,b least square means within the same row without common superscript differ at P<0.05 1 AST -aspartate aminotransferase; ALT -alanine aminotransferase; ALP -alkaline phosphatase; LDH -lactate dehydrogenase; BUN -blood urea nitrogen; TC -total cholesterol; HDL-C-high density lipoprotein cholesterol; LDL-C-low density lipoprotein cholesterol; TG -triglycerides; GLU -glucose DISCUSSION Immunological approaches attract interest as an alternative method to direct administration of growth-promoting compounds to manipulate animal growth and body composition (Kim and Kim, 1997) . Accumulated information shows that either active immunization using vaccines or passive immunization using monoclonal or polyclonal antibodies against some endogenous hormones or receptors provides a potential approach for improving growth performance. As a natural protein, antibody does not have drawbacks of chemical growth-promoting compounds. It can be easily destroyed by gentle cooking; and, even if ingested accidentally by humans, it can be prone to rapid degradation in the gut (Hill et al., 1998) . Hill et al. (1998) raised antibody to the peptide which synthesized from the complete second outer loop of human β 2 -AR. From their tests, the antibody worked in vitro. However, there is no further report about effects of this antibody on growth efficiency of animal in vivo. In the present study, growth performance and feed intake of rats were improved by clenbuterol but not by rBAR immunization. Cardoso and Stock (1996) reported that feed consumption was not affected by clenbuterol hydrochloride administration. Meanwhile, Mersmann (1998) considered that β-AR agonist effects on feed intake generally are small or none. The difference might be related to the animal species, age, gender, feed composition and feeding pattern.
In this research, the increase in weights of carcass and leg muscle caused by clenbuterol hydrochloride was consistent with the effects observed by Cardoso and Stock (1996) and Huang et al. (2000) . In the rBAR-immune group, weights of carcass, heart and leg muscle were not affected by rBAR immunization, whereas liver and lungs weights were increased and abdomen fat mass tended to decrease. In the previous research, McNeel and Mersmann (1999) found that the abundance of β 2 -AR on the cell surface of internal organs of rats was lung>liver>heart. Therefore, liver and lungs might be more sensitive to the rBAR antibodies. This might be one of the reasons that lead to weight change of liver and lungs in the present study.
Blood urea is generated in the liver by urea cycle by means of the detoxification of ammonia, a by-product of protein catabolism (Russell and Roussel, 2007) . BUN has been suggested to indicate the relative rate of carcass protein accumulation (Chikhou et al., 1993) . In the present work, BUN concentrations were decreased by clenbuterol hydrochloride and rBAR immunization and this agreed with the report of López-Carlos et al. (2012) , who found that serum urea N concentration of feedlot ram lambs was reduced by β-adrenergic agonist administration regardless of feeding programme period. The decrease in serum urea N concentrations observed in the present trial could be explained by the mode of action of clenbuterol hydrochloride and the antibodies, which promoted muscle protein synthesis and utilization of N.
In previous studies, AST and ALT concentrations in steers were increased by cimaterol or clenbuterol (Chikhou et al., 1993) . The increase in serum the activity of these enzymes is generally used as an indicator of tissue damage (Chikhou et al., 1993) . In the present trail, activities of AST and ALT were within the range observed in healthy rats, and unaffected by clenbuterol or rBAR immunization. This result implied that active rBAR immunization did not have a negative impact on liver.
Another important role of clenbuterol hydrochloride is to affect body lipid metabolism. In this study, lipid metabolites TC, HDL-C and LDL-C were unaffected by clenbuterol administration and rBAR immunization, which was in agreement with previous reports in beef cattle and sheep (López-Carlos et al., 2012) . However, TC and LDL-C concentrations were decreased and HDL-C concentration was increased in healthy men by oral albuterol, a β 2 -selective adrenergic agonist. This might be subject and agonist related.
Serum triglycerides in this experiment decreased in rats in the rBAR-immune goup. Belahsen and Deshaies (1992) also found that serum triglycerides in Sprague-Dawley rats were decreased by clenbuterol injection. The decreased triglycerides might due to the fact that activation of β-AR in adipose tissue leads to activation and translocation of hormone-sensitive lipase with subsequent triglyceride hydrolysis (Kumar and Shanna, 2009) .
The results from the present study implied that antibody raised against the recombinant second extracellular loop of sheep β 2 -AR could mimic some functions of β-agonist. There were a number of possible mechanisms by which the antibodies might exert their effects at the β 2 -AR. First, the antibodies might behave similarly to the conventional agonists, by causing a conformational change in the receptor protein upon binding. This proposed conformational change may then lead to receptor activation (Hill et al., 2008) . Second, the binding sites on the receptor for the antibodies and conventional ligands would be different. Sterically, antibodies would be precluded from binding to the conventional ligand-binding sites deep within the receptor (Hill et al., 2008) . Because the molecular mass of conventional agonists is ~1/1,000 th that of IgG. This might be one of reasons that the actions of antibodies and clenbuterol were not exactly the same.
CONCLUSIONS
In summary, active immunization against the second extracellular loop of the sheep β 2 -AR did not mimic the effects of β-agonists on the growth and carcass composition traits of rats. However, the antibodies elicited some agonistic functions as indicated lower concentration of blood urea nitrogen and triglycerides and higher weights of liver and lungs.
